Objective: This study examined the association between vascular headaches and retinal microvascular disease. Methods: We investigated the cross-sectional association between headaches (migraine/other headaches with aura, migraine without aura, other headaches without aura, no headaches) and retinal microvascular signs (retinopathy, focal arteriolar narrowing, arteriovenous nicking; arteriolar and venular calibers) among middle-aged African American and white men and women from the third examination of the Atherosclerosis Risk in Communities Study (1993 through 1995).
associations are present in younger populations where migraine is more common and the prevalence of concomitant cardiovascular risk factors is less common.
In this study we examined the association between migraine and other headaches, by aura status, and retinal microvascular abnormalities in a biracial cohort of middle-aged men and women in the United States.
METHODS Study population. The Atherosclerosis Risk in Communities (ARIC) Study is a community-based prospective cohort designed to investigate the etiology and natural history of atherosclerosis and its sequelae. At inception (1987 to 1989) , the cohort included 15,792 African American and white men and women between the ages of 45 and 64 sampled from four US communities: Forsyth County, NC; Jackson, MS; northwestern suburbs of Minneapolis, MN; and Washington County, MD. Participants from Minnesota and Maryland were mostly Caucasian and those from Mississippi were exclusively African American. Participants from North Carolina included both Caucasians and African Americans, with African Americans being oversampled to ensure adequate sample sizes. The response rate was 46% in Jackson and approximately 65% in the other three sites. A comparison of participants with nonrespondents has been previously described. 36 The ARIC Study protocols were approved by the institutional review boards of the participating institutions, and all participants provided informed consent.
The current study targets 12,887 participants who returned for the third examination (1993 to 1995), when headache history was ascertained and retinal photography was performed. Among these, participants with a race other than African American or Caucasian (n ϭ 38), African-Americans living in Maryland or Minnesota (n ϭ 42), those missing migraine/ headache history (n ϭ 57), those missing average mean arterial blood pressure (n ϭ 4), those with no retinal photographs (n ϭ 266), those with retinal photographs that could not be graded (n ϭ 1,553), and those with retinal vascular occlusions (n ϭ 25) were excluded, leaving a final sample size of 10,902 for this study.
Ascertainment of headache history. Trained interviewers
asked participants about their lifetime headache history. Only participants reporting a history of headaches lasting 4 or more hours were eligible to answer additional headache questions. Lifetime history of migraine was defined using a modification of the International Headache Society (IHS) diagnostic criteria. 37 The required ARIC criteria were 1) headache lasted at least 4 hours; 2) headache was accompanied by throbbing, pulsing, pounding, or was unilateral; 3) headache occurred with nausea, vomiting, or sensitivity to light or sound; 4) 1 or more years with a history of such a headache. Additionally, an affirmative response to a question about the occurrence of visual aura (i.e., spots, jagged lines, or heat waves in one or both eyes) was included to differentiate those with any history of migraine with aura from those with a history of migraine without aura. Headaches lasting at least 4 hours but not satisfying all migraine criteria (subsequently referred to as "other headaches") were also included and subdivided by whether or not their symptoms included aura. Participants not reporting head-aches of 4 or more hours' duration were classified as not having headaches. Participants were classified into one of four headache categories (migraine/other headaches with aura, migraine without aura, other headaches without aura lasting 4 or more hours, and no headaches lasting 4 or more hours). The migraine with aura and other headache with aura groups were combined based on earlier work that indicated similar associations among the two aura groups with other vascular outcomes. 19, 21 Assessment of retinal abnormalities. Details of the procedures used in retinal photography have been published. 24 In brief, one eye was randomly selected and a 45°nonmydriatic retinal photograph was taken for each participant after a 5-minute period of dark adaptation. Slides were evaluated for retinal abnormalities by trained and certified graders using standardized protocols. We measured and defined four groups of retinal microvascular signs: retinopathy, arteriovenous (AV) nicking, focal arteriolar narrowing, and retinal vascular caliber. Retinopathy was defined based on the presence of at least one of the following lesions: retinal hemorrhages (blot or flame shaped), microaneurysms, soft or hard exudates, macular edema, intraretinal microvascular abnormalities, venous beading, swelling, or laser photocoagulation scars. AV nicking and focal arteriolar narrowing were defined as present if graded as definite or probable and as absent if not. Retinal arteriolar and venular calibers were measured using a computer-assisted technique, whereby photographs were digitized using a highresolution scanner and the diameters of all arterioles and venules in an area half to one disc diameter from the optic disc were measured. These diameters were summarized as the central retinal artery equivalent (CRAE) and the central retinal venular equivalent (CRVE), representing average calibers of retinal arterioles and venules, respectively. Quality control procedures have been previously reported. 24
Measurement of covariates. Sociodemographic covariates
were ascertained at baseline (1987 to 1989) and included race (African American, white), gender, and education (less than high school, high school graduate, some college or higher). At each examination, blood pressure was measured three times, using a standardized protocol. The average of the second and third measures was used to classify blood pressure level. Hypertension was defined as systolic blood pressure Ն140 mm Hg, diastolic blood pressure Ն90 mm Hg, or use of antihypertensive medications during the previous 2 weeks. Mean arterial blood pressure (MAP) was defined as two-thirds of systolic blood pressure plus one-third of diastolic blood pressure. To approximate the long-term exposure to blood pressure levels, average MAP across the three ARIC examinations was used. Other risk factors were measured at the third examination. Diabetes was defined as a nonfasting glucose level Ն200 mg/dL, an 8-hour fasting glucose level Ն126 mg/dL, self-reported physician diagnosis of diabetes, or use of insulin or hypoglycemic agents during the previous 2 weeks. High-density lipoprotein (HDL-C) and low-density lipoprotein (LDL-C) cholesterol levels (mmol/L) were determined at the ARIC Central Lipid Laboratory using standardized methods. 38 Information on years of cigarette smoking and cigarettes smoked per day was used to estimate total pack-years of smoking. Body mass index (BMI) was calculated as weight (kg)/height (m 2 ). Mean carotid intima-medial wall thicknesses (IMTs) were measured with B-mode ultrasound using methods previously described. 39 Measurement of plasma fibrinogen and von Willebrand factor was based on blood samples collected at the baseline examination.
Statistical techniques. Means (SD) and percentages for sociodemographic characteristics and behavioral and biologic risk factors were calculated by headache status. Logistic regression was used to model the association of retinal microvascular signs (retinopathy, focal arteriolar narrowing, AV nicking) with headache status (migraine/other headache with aura, migraine without aura, other headaches, no headaches), with the no headache group as the referent. For analyses of retinal vascular calibers (CRAE, CRVE), generalized linear models were used. Covariates considered included age, race, study center, gender, educational attainment, LDL-C, HDL-C, pack-years of smoking, glucose, diabetes status, average MAP, use of antihypertensive medication, IMT, and BMI. Additional models adjusted for plasma fibrinogen and von Willebrand factor. Given the strong association of retinal microvascular signs with both diabetes and hypertension, all analyses were repeated among the subset of participants without these conditions. All statistical analyses were performed using SAS version 8.2 software (SAS Institute, Cary, NC).
RESULTS
At the third examination, the mean age of participants was 60 years, 56% were women, 21% were African American, 19% had less than a high school education, 15% had diabetes, and 40% had hypertension. Table 1 presents the distribution of participants by headache status and the prevalence and means of selected participant characteristics by headache status. Almost 5% of participants had a history of headaches with aura (2% migraine with aura and 2.8% headaches not meeting all migraine criteria but including aura), 5.6% had a history of migraine without aura, 11.7% had a history of other headaches, and almost 78% did not have a history of headaches lasting 4 or more hours. Those with a history of headaches were slightly younger, more likely to be female, and less likely to be Afri-can American than those without a history of headaches, thus all further means and percentages have been adjusted to take these differences into account. Although the average MAP did not vary markedly across headache groups, hypertension was more common among those with a history of migraine with aura than in the other groups. The prevalence of diabetes did not vary strongly by headache status; however, mean 8-hour fasting glucose levels were higher among those without a history of headaches. Mean levels of serum HDL-C and LDL-C did not vary substantially across groups. The prevalence of current smoking was modestly higher among those with headaches with aura and those without a history of headaches, whereas mean pack-years of smoking was highest among those with migraine and other headaches with aura and those with migraine without aura. Table 2 presents the prevalence of retinal microvascular signs (retinopathy, focal arteriolar narrowing, and AV nicking) and the ORs and 95% CIs from models of the association between headaches and retinal microvascular signs. The prevalence of retinopathy in the three headache groups did not significantly differ from that of the no headache group. In age, race, gender, and study center adjusted models, persons with headache had an increased odds of retinopathy; however, this association was only significant among persons with migraine without aura (OR ϭ 1.45; 95% CI ϭ 1.04 to 2.10). Additional adjustment for CVD risk factors did not substantially change the ORs. When analyses were repeated in the subset of participants without hypertension and diabetes, both participants with a history of migraine/other headaches with aura (OR ϭ 1.79, 95% CI ϭ 1.09 to 2.95) and those with a history of migraine without aura (OR ϭ 1.74, 95% CI ϭ 1.11 to 2.71) had increased odds of retinopathy. The prevalence of focal arteriolar narrowing in the three headache groups did not significantly vary from that of the no headache group. In models that adjusted for age, race, gender, and study center, persons with a history of migraine/other headaches with aura (OR ϭ 1.35, 95%CI ϭ 1.06 to 1.72) and those with other headaches without aura (OR ϭ 1.23, 95% CI ϭ 1.03 to 1.44) were more likely to have focal arteriolar narrowing than those without a history of headaches. After additional adjustment for CVD risk factors, this association was attenuated and no longer significant for those with a history of migraine/other headaches with aura but did not change for the other headaches without aura group. When analyses were repeated in participants without diabetes or hypertension, the modest association of other headaches without aura with focal arteriolar narrowing persisted but was no longer significant.
The prevalence of AV nicking in the headache groups did not significantly differ from that of the no headache group. In both sociodemographic and the CVD-adjusted models, none of the three head-ache groups had increased odds of AV nicking as compared with the no headache group. This lack of association persisted in the models restricted to the subset of persons without a history of diabetes or hypertension, except that there was a significant decreased frequency of AV nicking in the other headaches without aura group.
The figure presents multivariate adjusted mean arteriolar and venular caliber by headache status overall and among the subset of participants without hypertension or diabetes. Mean arteriolar calibers of those with a history of migraine/other headaches with aura, migraine without aura, and other headaches without aura were significantly smaller than those without a history of headaches; however, this association was not found among the subset of participants without hypertension or diabetes. In multivariable-adjusted models as well as when analyses were repeated among the subset of participants without hypertension or diabetes, mean venular calibers were consistently smaller among those with a history of migraine without aura than among those without a history of headaches.
Additional adjustment for plasma fibrinogen and von Willebrand factor did not change associations of migraine and retinal microvascular signs (data not shown).
DISCUSSION
In this population-based study, we report associations of migraine and other headaches with retinal microvascular signs. Persons with a history of headaches were more likely to have retinopathy than those without a history of headaches. Among participants without hypertension or diabetes, the association was stronger and significant for both migraine/headaches with aura and migraines without aura, with the association with aura persisting despite controlling for CVD risk factors. Focal arteriolar narrowing was also more common in the other headache without aura group only, but there was no association of a history of any type of headaches with AV nicking. We found significantly smaller arteriolar calibers in persons with migraine and other headaches as compared with persons without headaches.
Our findings of a stronger association of migraine with retinopathy than with focal arteriolar narrowing and AV nicking are consistent with earlier findings in the ARIC cohort. Retinopathy has been more strongly associated with subclinical MRI white matter lesions, 29 clinical stroke, 28 and cognitive impairment 40 than other retinal microvascular signs considered (e.g., AV nicking and focal arterio-lar narrowing). Similarly, in a recent review, retinopathy signs (e.g., hemorrhages, microaneurysms) were more strongly and consistently associated with most CVD outcomes than the other retinal signs. 41 We speculate that this may reflect that retinopathy is indicative of more advanced retinal vascular disease, where there is a breakdown of the blood retinal barrier, or perhaps that different physiologic mechanisms underlie various retinal signs. 42 In our study, associations of headaches with retinopathy were not attenuated after controlling for diabetes, glucose levels, pack-years of smoking, average MAP, or use of antihypertensive medications. Moreover, we found a stronger association of headaches and retinopathy among participants without hypertension or diabetes. Whereas retinal microvascular signs are more prevalent among elderly persons and those with elevated blood pressure and diabetes, they also occur in middle-aged adult populations in the absence of these conditions. 43 The association of retinopathy with migraine in younger people independent of these factors suggests that other pathophysiologic processes not directly examined here (e.g., inflammatory factors, endothelial dysfunction) may explain these observations. Nonetheless, adjustment for plasma fibrinogen and von Willebrand factor, nonspecific markers of inflam-
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Adjusted mean and 95% CI of arteriolar and venular calibers by headache group: mation and endothelial function, did not alter the association of migraine with retinopathy. Some earlier studies relating headache to stroke 21, 22, 44 and angina 19 have reported stronger associations with migraine/other headaches with aura. In contrast, in the current study, those with migraine and other headaches with aura and those with migraine without aura tended to have similar modest increased odds of retinopathy. An exception occurred among those free of diabetes and hypertension, where in CVD-adjusted models those with aura had a higher occurrence of retinopathy. However, the difference was modest and there was considerable overlap in the CI.
Although the association of headaches and retinopathy was modestly stronger among the subset of participants without hypertension or diabetes, associations with most other retinal outcomes were similar or attenuated in this subgroup. An exception occurred for AV nicking, where those with other headaches without aura had a lower prevalence of this condition. In the absence of a biologically plausible explanation for this finding and given that the direction of the association is inconsistent with other study findings, one must consider whether this finding is spurious.
We found overall smaller retinal arteriolar and venular caliber in persons with a history of headache as compared with those without a history of headaches. For arteriolar caliber, this was not seen among participants without hypertension or diabetes. In contrast, mean venular caliber was significantly lower among the migraine/other headache with aura group and the migraine without aura group, and this association persisted for the migraine without aura group among those without diabetes and hypertension. Our findings differed from a recent population-based report that found a smaller arteriolar caliber in patients with a history of migraine without aura and no significant variation in mean venular caliber by headache status. 35 Whereas covariates included in the studies were largely similar, the mean levels of the retinal vascular calibers were considerably smaller in the ARIC cohort and the health profiles of the two cohorts differed. Thus, differences in the participant characteristics across studies could be a factor. Additionally, given the small magnitude of the effects seen in both studies (when present) in conjunction with the large sizes of the study cohorts, one must consider whether these findings could be due to chance.
Strengths of this study include its use of a large, biracial, community-based cohort, standardized grading of retinal photographs, modified IHS criteria to define migraine, and the availability of well-standardized measures of risk factors. Several limitations should be mentioned. Our data were ascertained cross-sectionally, and cause and effect cannot be determined. Nonetheless, given that migraines tend to first occur in early adulthood and retinopathy does not typically occur until later in life, it is likely that for most participants, migraines preceded the occurrence of retinal microvascular disease.
As migraine status was based on history, it is possible that recall error of headache symptoms may have led to an underascertainment of migraines in our study. 3 Assuming this bias did not differ by retinal signs, our results may have been biased to the null. Our ascertainment of aura was limited to visual symptoms. Also, we were also unable to identify those with a history of aura without headache as only participants who reported a history of headaches lasting 4 or more hours were queried about the occurrence of aura.
Controlling for CVD risk factors did not appreciably impact effect estimates obtained. Although these variables were measured using standard protocols and with rigorous quality assurance procedures in place, we cannot rule out that residual confounding may have explained at least part of our findings, particularly given that headache history was ascertained and CVD risk factors were measured in midlife, which is on average several decades after the typical onset of migraines.
Finally, retinal photographs were taken on only one eye per patient, and some photographs were not gradable owing to inadequate pupil dilation and opacities. Thus, it is possible that the presence of retinal signs may have been underestimated. However, we have no reason to believe that this would have varied by headache status.
